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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve temperature 
characteristics of a magnetic sensor which uses a 
magnetic tunnel effect element and also to improve 
detection precision of an external magnetic field. 
SOLUTION: The magnetic sensor comprises magnetic 
tunnel effect elements 31 and 32, and the magnetization 
of each fixed magnetization layer of them is in the same 
direction (the direction indicated with an arrow in figure 
1 ). The magnetic sensor comprises a half bridge circuit 
where a magnetic tunnel effect element 31 and a 
magnetic-shielded magnetic tunnel effect element 32 are 
connected in series, to which a DO constant voltage 
source 33 is connected in series. A voltage across the 
magnetic tunnel effect element 32 is taken out as an 
output voltage Vout. 
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Voutc7)^/hfiIVmin{i. ^rt^tl^O. 4S4Vin. 
0. 4 8 6Vin. S.t/0. 4 8SV\nThh. EP*>. S 

Voutc7)g:^flVmax(i 0.51 VinSigCOBg—^ 
<ai:^:0. aB^JUfEVoutco^MfiVmlnJi. 0. 4 8V 

[0058] ::(50B8^-iryifi7)a^2aS(citt-^ 

la2**^^ga»Si^^J:^^-. «:fc^SVmax (^^^^A) 

[0 0 5 9] {mim:mm<^^m) mimmmco 

pfifSmS ^aS^SffiV * out i: t3^c fccOT*) 0 . ffi^OS 

[0060] :i<7>i^\iZii\^X\t. aSiJ'SEV ' ouUO 
SbtliV ■ maxat;fS/h0V - min«. KSt^mffiH 3 3 
CO®EVin^^^)±iea 2 C7)S/hffiVminat^ 1 CO®:^ 

[006 1] (m2mmm)m3hz5f^\^ti'^2mm 
WiZ^hms^^>^\t^ mi AiiziivthmsLi o^z^m 

1 . 4 4 1 . I»IS«4 0±C^«$n.iKm3ES5*^MSix 



%VV^-)VWim!m=f'A l'-4 4C0*^«. S14-S1 

e^z^Ltiiio^z^ n-w^^^^j:hwmmt\i. 

5 0 Oil) cOB3^hy:*^;W5Sm^^i^It:^J^^Lfv:tco 

•cj)0. m^hy:^-)vwm^A 1— 4 4co#^^«« 

m^tOlpl^Ji. |gTl«|-*rn| (l23i^^^EptCT^'r* 

[ 0 0 6 2 ] ^LT. CLOmSv-feViffrciSV^-Cti. fiSa 

3tm^:h,rv*^^y,^^b>'^^;l'?a«S^4 1 
m3iic$m:^.^-&ffimb>'^-^l'^*S^4 260-fflfc:6> 

l»^b>^^>'/l^?S^^^4 30— ^taE^jf^^tlTV^ 
5rv^Km h >'^;PS8«m^'4 4 co— Si: tmm^tccm 

ES4 5tcg^i5n'r7;ury v i^mskim^Lx\'^ 

[ 0 0 6 3 1 fiP^. V*y^S&m*^4 1 cOflSffii: 

iamhy^;V'S&M3^^4 2i7DflM{i. B:SES^ii4 5 

m.^^^msMA scoimtnMh\^z^ix^fiim^ixx 
ttz. iamhy^;i'S&a^^4 icom&mitMco 

ifZ^ m^h y^-ju^^m'f'A 1 . 4 Atimn^tix\^^ 
ivx. m^hy^^i^iS}Skm'^Aitmss,hy^ji^ 

^ 4 3 tm^hy^ji^mkm'^A 4 t(Dmm)k<7ymf^t 
tmm^fi. citif^<r>im^<^mim:m!^^y^<o\i^ 

[0064] zLcom^'ty^i^t^ la 1 4 Lfz^m 1 
1-1 8tcffl^'r&«?rq^'r&ae*^^4 o±izm 
get. znhcrmmi^^±M<^2:oizmmLxyfvr'j 

2. 4 3i:=0:-&^§ffiS«sSr«:mi4mcJ:OSSLT?S 

miSKtrifeL. &mz^mznLxmm^^(rzxi& 
imftL. wmccta. m^hy^-fi^wm^A 1-4 

[0065] ZCOX a tc«fi£L/^m^'fe>'-»f(3i3V^t: 

>':^7P5ft*^^4 2 . 4 3*^«K§itT 
V^I>C:t:e?*^^. |pI^^42. A3c7)mmi:i9\^mz 

^4 1. AA\fZ^m&^^mh-:>x\^^^j:\^^m^f,zit.m 

S^4 1, 44c7)ffi{fl[tt^R0i:^^, i^::. ESmbV 
^-fVmkm'^A 1 . 4 4(3. C:iL<^c7)S^<7)lI^?S{b® 

tmh^t. I«I^^4 1. 4 4C0ffifitffi{i. -etL-fixR 
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O-RdXtiRO+Rufc^-S. ffi^jmflEVout 
(OSckmymxli^ Viiiax= Vin/ ( 1 + 2 • { RO/A 
Ru) ) - (las) , ft/jNttVniinJi, Viiiin=Vin/ 

(1-2- (RO/ARd) ) - (St4) T'^$*XS. 

[ 0 0 6 6 ] St3 , a4 , RX/m 1 7c^m&izXtH£. 

wmm^2 5~ 1 5 ox:ff)im-cmtti> b^.m^ 

ffiVmaxtiO. 03 1 7 Vin— 0. 0 2 3 9 VinCO^f 
^fli-rS. S^hfiiVminli:. -0. 03 39Vin 

0 . 0 2 3 9 VinCOia-C^ft-rS . Hit. ±Sfll* 

tCiflff, aji^jmflEVoutcOft^ffiViiBxfca/jNilViDin 
bcom^iO. 0656Vin~0. 04 7 8 Vin) tC**L 
|3iai:>3lIEVoutcoii*SiiSfcJ:&SEi6 (WlxK. 
VmaxOHtiiajg^flltC i S ^Uh8-= 0.031 
7Vin-0. 0239Vin=0. 0 0 7 8 Vin. ig/jNffl 
Viiiine5lB«|?aai(=J;S3a»»=0. 0 23 9Vin- 
0. 0 339Vin=0. O 1 0 Vin) *5H-^/hS W ^1 

tiizM L . E 1 7 <7>mmzm ^ ^fzMm<DSMm(o&±m. 

Kaaxb&/bi&Rnlnt<O^^Rm (tiO . 15-^0- 2 

OQ) a. ^^mzx?>m,mm(r)mb^ (0. 13- 

0. 2 0£2) tmfmxh&, i;j±*^^. m2^jm 
izmtms^^>^imsmm^^tiiii>ffib^^r 

1 0 0 6 7 ] S4 ti. iMem 1 icDmrnzm^-'tim^h 

Vmax (7-fyA) fcigt/hSVinin {y^yB) ^TjkLfz 
mT3bi>. 04*>/5>EIMS*T.SJ;3{c. 

VoutcO&:*;(l Vmax t S/J^il Vmin fc J&^PI— cOttt 1 1 

-rsjtJ^oKfiiSr. ±immw,&<o^i,zm*)m^-r^ 
fc:i3v^Tfc. nstmn<^:^f^<7^ikimmzmiL%^ 

CO 0 683 (ll35llfi?^S) 05{C^U/ilg3||iS?e 

1. 5 2t:mx.Xy>^?>. m3^hy^)Vt9}^m^5 1 , 5 

2co«-'!?(±. lai 4--iai ec^LJtidt. n—tn^ 
i)^ti>^tmmm mtit. 5 0 ofi) (r)m3s,hy^^/u^ 
ss:m'fi:m.mmtfzi>eox-h?>. ^^hy^ju^sm 
m^si, 5 2 i:mmt^mm^<r)U^h>-^jumk 
mTco^^mtmcomnLcofii^ti^ 5 1 , 5 2<7j 
^^tzm-^x^xm~^\i\ m5iz^wi,zxm-t:f3\^) 



[ O 0 6 9 ] -f- LT. rcOlia-fe>^<4. 

5itmss.h y^-ii-mmm'T- 5 2 1 Sre^is^ 

[0070] C:cOlKSl-fe>^{±Ja.Tt=iC^SXSl&igT 

s?)tf sifcj&^-e^s. flp-^. meiz^mmi. mviz 

jEffiiaSrS^Lfciotc, 131 4tc^L/S«-^l 1~1 8 
SJitW^S-«<!0«JB#;5 la. 5 2 a^S 

^mM5 4t:J:0ll— ma®i*:5 1 a, 52a^W^ 

i,z. mmi^5 1 aizntm^^y YMH^m\>^xmm^: 

#4-L, RSJiftS 1 a^oH^-ftJS^ria-ftL. RKfl; 

coinjSSrm^Oini^ (S8(cfcv^-CJi*-|6]^) 

S. y^v^T. ia9ic^L^J:3tc. mmf\fi5 2 alrZML 

mi,^-y mHim^^xm8iz^Lt:w%tiim<om 

8(=*JV^TI±aEl6|# > fcia^s. 
[0071] ci<ms^^y^ii. WTtCisC'^SX 

(A) tc^tfcj:3k:. #-(0^5 0±tcSl4fc:* 

L./t=S-JI*>^>5r^— StcOSms la. 52a Sr^-T 

acv^-e. 010 (B) {c5^L;ti;otc, ^mz-m 

^mm^H4-LX. «S«s5 1 a , 5 2 aOE^^tS 
Srll— (010 (B) fcfev^T=&rfi]# ) tcfiaEfl:t. 

HI 0 (C) tC*LJtJ;3(=, «®<*5 2a2: 

imm^sizi:>ommtxm^m-r?>. ^lx. mi 

0(D) K^LJtidlC. ^mc^LHlO (B) (C5>^ 
J:0jSi8E$fL&mSiOSi$<OJS^) iH^-ti>. Cico^ 

?asuifflt$ft-cv^^v^mm5 1 si(om^{tm<^ 
m.itcr)!p] ^ tm^misi^ixtznmt^ 52a ajm^itm 
comit(r>\^^i:mtmb^^, Wimz. sio (e) 
izmLf^xoizm^msim^-r^. ^tnzx'^. s 
^Hzm^mi\:Mcom.it<^^^ii^^fPi^x'h?>msi(. h y 

izmmmm-r^. 

[0072] ±Mim3mm^m(r)m^^y■t^ziiK^x 

yi^SSH^^Sl. 5 2<7)ffiJt<i«4*icR0i:=5rS. S 

i't: . fmm^f^ ^ h y^^}\^immT 5 2<om^ 
Kfbswis^koiai^ k m— (05 t:iJ»,>TTrpii ) X'h 
ht^i±. m^hy^^/vmimiFs 1 . 5 2eo&mm 

»4. -eirmRO+ARu. RO-ARdi:=Sr*. flfcfir, i'h 
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Voutc7)a:^igVniax«i. VDiax=Vin • (RO+ARu) 
/ (2R0-hARu-ARd) • ■ (Sc5) ii^O. tii^)« 
SVoutCOfl/jNffiVminli. Vmin=Vin • (RO-AR 
d> / {2R0+ARu-ARd) - ms ) b^^. t 

fz. —mz. mMhy:^jv^^mi^iiZ^^^xit. aru 

^ARd"C$>^C0T\ AR = ARu=ARdfcfc< i:. ^ 
5, Sc6(i. ^ixm. Vmax=Vin- (1+ (AR/ 
RO) ) /2 -- (ifc7) . Vmin=Vin- (1-<AR/ 
RO) ) /2 - (15:8) t^ig^fL^^ 

[0 0 7 3] mi 7(7)m^tfzm\^^^m^hy 

-iyDiZX^LtzJ;:di,ZO. 533Vin— 0. 525V 
inSMfc^irO, MA^mVmM±m2(7)'y>( yKizX^L 
tziidizO. 4 6 8Virr-0. 4 7 5 Vin^!:^:^. 

^oT. m^jmLtim^hy^^/viij^m'^tm^msi 

{z^ ^v^^t^^^WL}^^hfz^(7mm:±Mm^ 

m.<^^Wizm^w^h^bt^x^h<r)x\ mm^y 

[0074101 9\i. mi KT^mmzm^i-^tzm^ (W 

mmY(7^v^mzm'hmm<7mit^7^\^x\^h. 

«(c?T;b#ia«f. mm<rmm±n— {n—<r>±^^<m 
^^x^^ifiKn<7M^ifinh->fz}i ^(Tmmifim 
-) h^h\±iixh^t/^. 017. mi9f)'^^mh^o 

tc. ^J^X. Y<7>^{±m^J:'^X\i^h. Cl^CltJi, IS 
[0 0 7 51 1112 0«i. iiatSax. YSriams^ 

mmc^mm. v y 51,52 

ii:g£^mffS5 3c7)mff^ 1 t3^^^ti;B{t^ 

5 , 9 oatxi 5 ox:x<7m%^y^(r>m)} 

roj tc*3(tsaJ::^JllffiVoutJi— ^i>^. fip^. <1 



KcrimmsLmzxi^^mM^h^yi^^ti^mh. 
3mmm^z^^m^^iy^\t. 

[0076 1 (HSllteJeSO^W) ai ItC^L/c 
^3^S©^SItw^-S>?«^-fe:y^fC0^i#m. ffiabV-* 
5 1. 5 2tK ^iX^tmcrmn 5 0 a , 5 
ObcoJifrcmSttT^rStcOT&S. :L(^m^^y^ 

[00771 :Lcr^^m\>z\^hm^'^y'^\±. WTIckE 
^SXSSrgTSat-r-i). HJ-^. 01 2 (A) tcS^L/:: 
i^frc. S-TH— S«5OaJLt;i0l4tw^L3t*Jl** 
^^-S»-**c7)SJitt:5 la. 52a SrJ^^-T^ o C:<7)^ 
#.aiifl:5 1a, 5 2at7)^5 1b, 5 2b*m^ 
{,znm'h^WiZWL»Xf^<. flliif*5 1 a, 5 

2a^lfi]#75?^'^^^-S>i;3tr. PlSSfr^r^g^-r^, 

5 1a. 5 2 B.<7m^Wmi:Wfcth. ^m:^X\ 

m.%vy^-}v^^m^5 1 . 5 2 75-'^§^i^s* la 

12(B) {.Z^i.fzXoiZ^ »ffi50aS:»«50bh 
SKSOct^r^MtTfiamhV-^^/^S&SS^Sl. 5 2 

^^mth. mk^z^ 1112 (o t^z^i.fzXo\,z. m 

SS*K5 0 ci±(3mS5 1 b, 5 2b<;?:)|pl§*^|nltl^§ 
i:=5:&J:d(3ffla£mh>':^7^a**^5 1. 5 2?:iEiSL 
TH^L. S;miC^mfli5 1b, 5 2 btrH^tJ^J: 3 

[ 0 0 7 8 1 ^i>. m 3mmmsLV^^<^ws^mizii\'^ 

-C^>. SllllSfi^S<7)J®^h|5i^tc. B5^hy^^;^^m 
*^S5 2<7)MjSltflE^aJ:*pmEVoutfc'r&fti:>0 

[0 079] (»4||M9gffii) 013fr3^L3tm4^ 

mmxz^hm^^y^it. miAizisnhmsLio^z-^ 

S-ri>^6 0_b(cjgjS^n/clll-m4ffi^hy:^;^ 
S5*§R-?6 l'SAim^X\^h. mi-m4ffitmhy 

^vl-Jftm^^e 1^6 4c7)#^{i:. 01 4^-1111 6(3^ 

L^cidt:!. m-mfSii^-^'^xh^^mmm. 500 

0. mi~ll4aMh>:t^;l'S6m^^6 1~64C7)#/? 

m^<m^mm<^mt<7>m\±. rnmi-^-mAm^v 

>^;t-;^^m«^6 l--64cO«.>^Cwi5l^T^Tl5l-I«n§ 
l<?5@SK'fl:®c7)ig>fbc7)r6]^h. ^2?S^hy:^7i/S6a 
i3 0 . ^ 3 ^ h y ^^-/i-^ims^ 6 3 ^[il^K^blii7)?8 
m<7^w^(^^^^tm^^^t'^->x\'^h. $4>tc. ^1 
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«^ 6 'i<rmm.'m<rmc<rm% t , msasib >■+ 
[0 080 J -tuT. :L<7)m4^smizg^hWSs,-ky 

6 4 ^^ i 0 ^/i^r 'J -y^lllKiilS^SnTC^I, . Mmi 
«^ 6 3<75-aiBi:m4ffltm h >-4^;Wj5ftaS^ 6 4 co— S 

bmf^4m^hy ^/uwikm'^ e 4 c^jffisgi; amScs^ 

6 3 4:1^4 aSEm b 64 1 c^mjS. 

[00811 :.<om3s,^y->}-\±, liis^smmmizti 

mvfit, m*>. m-m^eo±i,zmi,z±Msmi-m4 
mss.hy^)imkm^6 i~~e4b$tt&mmfii^m& 
zivhiiMiyn'rv-^'fm^b'i-KKmfsffuzm 

[00821 ±si^4mmmffmsK^yvtzii\,^x 
a. ^y^^^^^ip^O} <r>b^i±. mmss,hy^ 

t^tm^t^^ti'mi . m4lSSlh>'*;U56m^^ 
6 1. 6 4«0ll^a-fk«c7)ESfl:<0f6l§i:^|ir|§ (131 
3t=tjV»TTl6l#) Tib's t #{4, mi. m4JS§lbV 
*/WS&mig^6 1.64 £OffilJitt(4R0+ A Rut 5r 0 > 
m2. IS3®S5,hy;t^;bS5m3gT6 2, 6 3cOfiSiffl{4 
RO-ARdt^S. ffi*, i'HS!Klfi35|Sl^*5mi . B4 

h y^^/vimm'?' 6 1.64 cr>m^m.im<^it<o 

mi, ^4iamhV^^/l^$!im^^6 1. 64(Omi 
filttRO-ARdt^O, m2. Sg3ffi^h>-;T^;l^S* 
^6 2. 6 3cOffil]LffiJ4R0+ARut=SrS. — « 

ic, a^^^>'^;^j^^l*s^tci^v^■ctl, ARu^ARdr 

ftS<?)-C. AR=ARu=ARdi:tJ<i;. JBlttmiEVou 
t<7)S3*C<aVDax«. Viiiax=2 - AR/RO-- (SI 
1 ) , g/lNfflVminti. VBun=-2 • AR/RO - (S 



12) fc^S. 

[0083101 7<oai^glIlc43l^-C<4. AR/RO<0 

mio. o65~o. 0 4 9T*»?. s»Siae«gEfl:«c 
[00841 l^Xhizm^Lfzi. 0 t,z^ *m^(r>^&^m 

t£7)«:^fBViiiax k Vmin b imm^m'Ti^'it L o 

h ^tct5 V rz n-(r>m^ bh:.b i}'^\.^ff)X\ 9\-m& 

[00851 ^irfc. :^^mii±smsmmizm&$iih 
zt^j:<. :^?momm^izii^^xm^^>smm^um 
•tt:ibit)<X'^?,. mtii. ±Mi^mm^m<7i^<izt3 
t^T(4. ^-mLtiz&x<r>m^y-y:i^ji^i^mm'f-im 
^Lf::^. msmtmiscy^ambmisiiiz^ mmnm. 
±iz^mss.hy:^)]^mmmi'mt:mmL. ztit,i^^ 

[011 ^^^(omim&miz^&ms^^y^com 

aSTffi0Tibl>. 

[021 mimm^mRv^^smsmmizmhm^-^ 
y^cr>j>[.^mniznthiii:f}mmi^ms,mizn lxtp 
Lfzmxh^. 

[031 ^^<of$2mmBmiz^hmi.^y^ff)m 
B&Tffi0-rS)&. 

[04 1 03 iizmLtzm^-t y^cD^ymmmznth 

ai^imffiSrS^ia«tcS*UT5^L;t0-CS>S. 
[051 *5iq8<oll3S?ifij^Sltc«^lKm-fe:^<o« 
mmmx'Ah. 

[061 05t5^Lfcjasi;-fe>-9-«o-afia*^is 
[071 msiz^ Ltim^^ vifo-iet^acois 

[081 0 5 tc* U/SBBIS^-i: ^l^-iO-igJi^r^coxg 

[09 1 msiz^Lfim^-^yfoy-m^imoxm 

[01 0 1 05(C^U;tK§\-fe y-^-cOflfiiOSSt^rffiSr 



• 
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[Sill ^^mcom 3 mmmm<!o^3mifzmi>m^ 

[012] la 11 i,z7f:Ltcms^^y^(omm:fimi:Ji 

[013] *:^PBcom4|ISfi?gHI(C«-S.iaS-b 

[014 1 :^^m(o^mmm^z^^^xmm^fitm 

[015] mi4iz^Lfzm^hy^)u^m^<7ym 

[016] mi 4i,z^Lt:m^hy^-}i^m^<^m 

[0171 ^^m^h y:^^)v^mm'i'co^\'^m^izM 
^hSM^it^mi^s^^iz^^-rm-vh h , 

[0181 mi Tcoiss&^T^ceai^hy^vi/S&m^^ 



[0191 017 coies^ tfj^BBSa b >':^;l^«^ 

^{.zm-hmsn^it^ mm^^^z^-tmx'h h - 
[02 01 017, mis</ym^^ntim^v>^-i^^ 
m^m^mz^ 005 tc^tfcmm^r v-t^muc^ 

10, 30, 40, 5 0, 6 0 -^ffi. 11 -T^m 
fli. 12-96»ttM. 13-»KttK. 14-tftiSJl. 

i5-3S8$ffiK. i6-:^^-ji. 17-m^mm. 

1S-1MW&. 31. 32. 41-44, 51. 5 
2. 6 1-6 4-lKmb>'^-;P'5»«*i^. 33. 45. 
5 3. 6 5-SS5^E»o 
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